The activity of fractionated gibberellin (GA) -like substances extracted from the seeds and pericarps of seeded and GA-induced seedless berries of Delaware grapes collected at 21 days after full bloom was determined, and the main active components in pericarp tissue were identified by means of selected bioassays and thin-layer chromatography.
in a cudumber assay, and they were very similar to GA3 in Rf on the thin-layer chromatograms.
Introduction
The discovery that the size of seedless grapes increases markedly with the application of CA3 at flowering or fruit set stage26> has provided new approaches to explain the role of endogenous growth regulators in berry growth. The presence of GA-like substances has been demonstrated in grapes4'12'13,27> as well as in several other fruits8, bO,l4,15,16,17,23,25) . There is more gibberellin activity in seeded than in seedless Tokey grapes, a mutant of the seeded f orm27~ and a peak level of gibberellin activity is detected at the time of fruit set, followed by a more rapid decline in seedless than in seeded berries13~. These findings suggest that grape seeds are a rich source of GA-like substances, though the direct proof is not yet available.
The chemical form of naturally occurring gibberellins in the tissues of grape berries is still obscure. It is of interest to determine whether the endogenous active component is identical or not with GA3 which is the active exogenous gibberellin in promoting the growth of seedless grape berries. Although Delaware is a seeded variety, dipping its clusters at pre-bloom and again at post bloom in a sclution of GA3 has been found to be able to produce seedless berries which are approximately the normal size of the seeded ones3'11'19~.
The aim of this study is to determine the activity of GA-like substances in the seeds and pericarps of seeded and GA-induced seedless berries of Delaware grapes at the early stage of berry growth, and also to elucidate what sorts of gibberellin are predominant in these tissues.
Material and Methods
Plant material was obtained from 6-year-old vines of Vitis labrascana c, v. Delaware growing in the vineyard of Shimane University, Matsue.
In order to induce parthenocarpic berry growth, clusters of selected vines were dipped in GA3 solution at a concentration of 100 ppm 14 days before full bloom and again 10 days after full bloom. This procedure was established by KISHI et al. in 1960197 and has been adopted widely in commercial vineyards in Japan.
For the extraction of GA-like substances, non-treated (seeded) and GA-treated (seedless) clusters were collected 21 days after full bloom. The pre-bloom application of GA3 accelerated the flowering by 4 or 5 days so that the GA-treated clusters were collected on June 22, 5 days earlier than non-treated ones. Immediately after being sampled, berries were separated from pedicels, washed in 1 % hydrochloride solution, soaked in running tap water, and then stored at -20°C. Later the berries for assays were freeze-dried in a lyophilizer. The pericarp tissue of the seeded berries was separated from the seeds after drying, and both portions of tissue were finely ground with a mill. The seedless berries contained aborted seeds which were too small to be separated, so that the whole tissue was regarded as pericarp for convenience and directly ground to a powder. Generally, 3 g dry weight of seed and 50g dry weight of pericarp were used for extraction because the approximate seed-pericarp dry weight ratio at this stage was 3: 50. The ground sample was shaken with 150 ml (seed) or 800m1 (pericarp) of 70% methanol for 1 hr and kept for 24 hrs at 5°C. The liquid was filtered and the residue was extracted two times with the same volumes of 85% and 100% methanol in the order. The combined extracts were evaporated to water phase under reduced pressure at less than 40°C. The pH of the water phase was adjusted to 6.2, and the water phase centrifuged for 10 min The supernatant was re=adjusted to a pH of 2.5, stirred for 2 hrs after each 5 g of activated carbon charcoal (Darco-60) and
celite (Hyblo Super-cel) was added. Then it was filtered. The charcoal and celite which remained on the filter papers was washed with distilled water and eluted with acetone. The eluate was evaporated to dryness, and the residue was suspended in phosphate buffer (0.1 M, pH 7.5) and extracted four times with ethyl acetate.
The residual water phase was then adjusted to a pH of 6.2 and extracted with chloroform.
The water phase was then adjusted to a pH of 2.5 and extracted with ethyl acetate and also n-butanol in the order. These four extracts designated hereafter as the basic ethyl acetate, neutral chloroform, acidic ethyl acetate and acidic butanol fractions were taken up in 2m1 of ethanol, respectively. The activity of the extracts was examined with barley endosperm assays.
For the separation of active components of the extracts, chromatography was performed using Toyo No. 51 filter paper strips (2 x 40 cm) and a mixture of isopropanol, ammonium hydroxide and water (10 : 1: 1, v/v) at 25°C. Fifty al of a extract were spotted on a paper strip. The developed strips were cut into ten sections according to Rf, and the activity of each section was assessed with a barley endosperm assay.
Further purification of the basic and acidic ethyl acetate fractions was achieved by streaking 0.5 ml of each of the extracts on full sheets (40 x 40 cm) of Toyo No. 51 paper and developing with the same solvents mixture as mentioned above. The active regions on the paper, which were detected with barley endosperm assays using one-twentieth of the developed In the dwarf pea bioassay described by HAYASHI et al.9), seeds of c.v. Morse's Progress No. 9 were planted in vermiculite in the dark at 25°C. After 4 days, selected seedlings about 2.5 cm in length were transplanted to vermiculite in flats and grown at 25°C under incandescent light (15,000lux). One day later, the plants were treated with the solutions containing the extracts or known gibberellins (usually 20 ,ul per plant).
The distance between the cotyledonary node and the highest visible node was measured 7 days after treatment.
In the procedure described by HAYASHI et al., red light was originally used as the radiation source. In our preliminary test, however, it was found that pea seedlings grown under incandescent light (15,000 lux) were able to respond to 0.001,ug or less of GA3, though they were more sensitive under red light.
Since incubation under incandescent light was easier and more convenient than that under red light, the former was adopted in this study.
Results
The activity of GA-like substances in the basic ethyl acetate, neutral chloroform, acidic ethyl acetate and acidic butanol fractions of seeded and seedless berries of Delaware grapes was detected with barley endosperm assay. As shown in Fig. 1 , each fraction except the neutral chloroform fraction contained active substances.
In the seeds the highest activity was found in the basic ethyl acetate fraction, whereas the acidic and basic ethyl acetate fractions, especially the former, were predominant among the four fractions of pericarp of both seeded and seedless berries. The estimated concentration of total active substances in seed, converted to a GA3 equivalent, was rather higher than that in pericarp.
Chromatographic separation of the active substances in each fraction, except the neutral fraction, with a mixture of isopropanol, ammonium hydroxide and water (10: 1: 1, v/v) revealed a more interesting pattern. The bioassay results from chromatograms of these fractions are shown in Fig. 2 . Although a distinguishably active area was not noted on the chromatograms of acidic butanol fractions probably because of low concentraction of active components, good separation were obtained in the chromatography of the basic and acidic ethyl acetate fractions.
The main active component in the basic ethyl acetate fraction of seeds did not migrate from the starting line as did that of the pericarp tissue, which migrated to the range between Rf using dwarf pea, dwarf rice and cucumber in addition to barley endosperm assays (Table 1) .
The eluates from the area around the starting line on the chromatograms of all the fractions tested and also that from the area of Rf 0.3^-0.6 of the basic ethyl acetate fractions more or less injured these test plants, so that accurate activity of these eluates could not be measured in the bioassays. However, the components from Rf 0.3-v0.6 of the acidic ethyl acetate fractions extracted from pericarp of seeded and seedless berries, especially from that of seedless berries, exhibited strong activity without any phytotoxicity in the dwarf pea and rice seedling assays, as well as in the barley endosperm assay, but not in the . cucumber assay. GA1 and GA3, particularly GA3i showed biological responses similar to the responses of these components. from GA1 (Fig. 3 ). In addition, this was the only area where biological activity was detected in a barley endosperm assay even though many other spots appeared on the plate .
As to the seeded berries, the area which corresponded with the Rf of GA3 was void of a distinct spot presumably because of lower concentration of the component in the extract. It was difficult to increase the amount to be spotted on a plate , since clear separation could not be obtained with a volume greater than 50 ul. Therefore, the Rf of the component was.
ascertained in a biological way ; the activity of eluates from. 20 sections of the developed plates on which the sample , GA1 and GA3 had been spotted one over the other or individually was assessed with a barley endosperm assay. AR shown in Fig. 4 , the active component migrated to a Rf zone of 4.5 to 6.0 and which was found to be more identical to the Rf zone of GA3 than that of GA1 just like the active component of seedless berries.
Discussion
GA-like activity at the early stage of fruit development was reported to be higher in the seeds than in the pericarps. of apricots and peaches15,16~. It was also true in our experiment with seeded Delaware grapes that the level of total GA-like substances, converted to a GA3 equivalent, seemed to be higher in seeds than pericarp, although acculate comparison was difficult because of considerable difference in the doses of extracts used in the bioassays. 3. Locations of fluorescense spots of GAI, GA3 and GA4+7 and GA-like substance extracted from the Rf 0.3-0.6 zone on the paper chromatogram of the acidic ethyl acetate fraction of pericarp of seedless berries.
The silica-gel G plate was developed with a mixture of ethyl acetate , chloroform, and acetic acid (15 : 5 : 1, v/v), and the spots were observed under ultraviolet light after the plate had been sprayed with sulfuric acid and heated to 110°C. Fig. 4 
